Introduction
In spite of the many advances in the surgical management of intracranial aneurysms, the mortality from subarachnoid haemorrhage remains high", Early diagnosis, before significant haemorrhage, might result in a more favourable outcome. A variety of symptoms warning of the impending rupture of an aneurysm occur, but frequently their significance is not realized and they are easily misdiagnosed-,
We report several recent cases in which the significance of these early warning symptoms was only appreciated in retrospect following fatal haemorrhage. There was also misinterpretation of confirmatory investigations, particularly CT head scans.
We also reviewed the histories of patients who had a subarachnoid haemorrhage in one District Health Authority during an IS-month period, with particular reference to the presence of warning symptoms and their interval prior to major aneurysmal rupture. Several types of symptom were identified for which various mechanisms have been proposed. These warning signs were frequently not recognized, the first evidence of an aneurysm being a major bleed.
We have tried to identify some of the problems in diagnosis of warning signs and areas where the management could be improved. Modern technology has resulted in increasing public expectation of successful early diagnosis, and the misdiagnosis of early warning symptoms from an intracranial aneurysm may lead to unacceptable errors.
Case reports
The following cases illustrate various warning symptoms and signs that were not recognized before major and often fatal haemorrhage, even though the patient had sought medical advice.
Misdiagnosis of headache
Case 1: A 43-year-old man developed a sudden left sided headache on waking one morning. The pain was severe and bursting in character. He attended an Accident& Emergency Department (A & E) where examination was normal with no neck stiffness. He was discharged home.
Ten days later he suffereda further acute severe headache and was referred back to A & E. Examination was again unremarkable but he was admitted for observation. A CT head scan was normal. A presumptive diagnosis ofmigraine was made, and the patient sent home making a good recovery.
One month later he was found semi-conscious at home.On admission he had a right hemiparesis with a dilated right pupil. A CT head scan showed a large left intracerebral haemorrhage, and he died 12 hours later. Postmortem examination confirmed an intracranial haemorrhage from a left middle cerebral artery aneurysm.
Comment: Examination and investigation, including CT head scan, may be normal with initial headaches. However, the sudden onset ofthe headache should alert the clinician to a possible intracranial aneurysm.
Case2: A 47-year-old woman developed a sudden and severe headache at work. She was sent home and lay in bed with a severe headache and vomited. Her general practitioner visited her next day and diagnosed migraine. A week later her headache persisted and she was sent to A & E. A brief examination was carried out, the case discussed with the medical SHO, and she was sent home. A week later she was re-admitted to hospital with an obvioussubarachnoid haemorrhage which provedfatal. An aneurysm of the right middle cerebral artery was found at postmortem. Legal action is in progress against the Health Authority.
Comment:Misdiagnosis ofwarningheadaches ofsubarachnoid haemorrhage may lead to unacceptable delay.
Misdiagnosis of focal neurological signs
Case 3: A previously fit 45.year-oldman presented to A & E with a 5·day history ofdiffusefrontal headache with nausea and some photophobia. There was 'minimal' neck stiffness as the only clinicalsign. No lumbar puncture was performed, and the patient sent homeapparently making a full recovery.
Three months later he presented again with a 10 day history of pins and needles in his right forearm, together with a one day history of dribbling from the corner of his mouth. He complained of a left sided headache associated with nausea. There was right facial weakness and a right 12th nerve palsy. He was admitted to a general medicalunit for investigation; CT and MRI head scans showed an area of low attenuation in the left temporal lobe which was interpreted as an infarct (Figure 1 ). The patient recoveredover 2 days and was dischargedhome without any neurological referral.
One month later he had a generalized seizure. On admission there was no initial neck stiffness, and he remained well for 48 h before developing nausea, fever and drowsiness. Marked neck stiffness was noted and a lumbar puncture showed a red cell count of 116000 cells/mm" with xanthochromia. Carotid angiography 2 days later 
Results
Fifty-three of the total 75 cases died, a mortality of 65%. Of the 33 'Early Survivors' that reached hospital alive, one third died either within 48 h without surgery (eight cases), or following surgery (three cases). Pre-monitory symptoms were common, occurring in 23 of the 75 cases (31%). Of the 'Early Deaths', most of whom were referred directly to the Coroner, a history of pre-monitory symptoms was mentioned by from either hospital records or the Coroner's Office records, and reviewed retrospectively. Thirty-three cases (44%) presented to Whipps Cross Hospital during the l8-month period, and the diagnosis was confirmed in hospital by CT head scan or lumbar puncture ('Early Survivor'). Another 42 cases (56%) were identified through the Walthamstow Coroner's Office for the l8-month period, the diagnosis having been made at autopsy ('Early Death'). The presence of any pre-monitory symptoms was recorded from the hospital notes or Coroner's Office records which include a standard statement of the patient's health taken from a relative. We tried to assess the nature of any symptoms and their interval prior to the major haemorrhage. The outcome for those admitted to hospital was recorded.
showed a left posterior communicating artery aneurysm, but he died prior to surgery.
Comment: Transient focal neurological signs associated with headache may be caused by ischaemia secondary to vasospasm following a minor subarachnoid haemorrhage. Advanced imaging techniques may not always show evidence of subarachnoid blood and the significance of any abnormality they reveal may be misinterpreted.
Case 4: A 65-year-old woman presented to A & E with a 3 day history of severe right frontal face pain associated with double vision. On admission to hospital a right third nerve palsy and impaired sensation in the ophthalmic branch of the right fifth cranial nerve was noted. A CT head scan was normal. Five days after her admission she collapsed with headache and developed neck stiffness. Carotid angiography revealed a right posterior communicating artery aneurysm which was clipped the same day. The patient made a full recovery.
Comment: A third nerve palsy with headache, including referred face pain, requires investigation for an intracranial aneurysm.
Confusional states
Case 5: A 72-year-<lld woman, previously fit and well, became gradually confused with an ill-defined headache over a period of one week. On admission she was conscious but confused. No other focal neurological signs were found. Initial screening investigations for acute confusional states were negative, including a CT headscan. Her headaches persisted and some progressive neck stiffness was noted. A lumbar puncture performed 3 days after admission revealed xanthochromic fluid. Carotid angiography performed 5 days later was normal. With conservative management she made a full recovery.
Acute presentation-no Number previous history
Warning symptoms prior to acute presentation Comment: The gradual onset of symptoms following subarachnoid haemorrhage can occur in the elderly and may produce few acute symptoms or signs". The confusional state is probably the result of ischaemia following vasospasm. relatives in eight cases (19%). By comparison, 15 of the 33 'Early Survivors' (45%) gave a history of premonitory symptoms prior to their acute presentation to hospital. The mortality rate of those patients admitted to hospital seemed unaffected by the presence of warning symptoms ( Table 1) .
Prevalence of warning symptoms in subarachnoid haemorrhage
Reviewing the pre-monitory symptoms, four groups were identified ( Table 2) . 'Chronic headache' (Group A) occurred many months previously and was generally non-specific and clinically unrecognizable. 'Isolated cranial nerve palsies' (Group B) occurred in two patients, approximately 2 weeks prior to major haemorrhage. The most common warning symptoms consisted of sudden 'severe headache' (Group C) occurring as an isolated event either a few weeks previously, or as a persistent severe headache a few days prior to admission. The remaining symptoms (Group D) were less specific and not themselves suggestive of a bleed, occurring on average a week prior to presentation. Only four of these 23 patients sought medical advice with their warning symptom and a diagnosis of subarachnoid haemorrhage did not appear to be a consideration in any of them.
Discussion
Major subarachnoid haemorrhage, with an annual incidence of 15 per 100000 of the population", is the most common presentation of an intracranial aneurysm. It is often not appreciated that warning symptoms prior to a major haemorrhage occur in between 35 and 60% of patients", which is confirmed in our series. Their recognition is often difficult and their significance overlooked. There are a variety of symptoms which can easily be misinterpreted. Unruptured cerebral aneurysms may expand and compress adjacent structures causing localizing signs such as visual field defects'', diplopia", or altered hypothalamic-pituitary function". Sudden relatively minor headache is often attributed to migraine, while sensory-motor signs are attributed to thromboembolic events. Some warning symptoms are more vague and include mild headache, neck pain, lethargy, nausea, dizziness and fever. These non-specific symptoms are not diagnostic and are often misdiagnosed as migraine, cervical spondylosis or viral infections''.
Headache is the commonest warning symptom (occurring in 56% of our patients with pre-monitory symptoms). Warning headaches usually are caused by minor haemorrhage. They resolve clinically because of local thrombus formation and fibrosis in the aneurysm wall", Thus several minor haemorrhages may occur and settle before the aneurysm ruptures. Cases 1 and 2 illustrate how easily such warning headaches can be overlooked. Both patients were sent home from A & E because the diagnosis was migraine. Differentiating the headache of an unruptured aneurysm from migraine can be very difficult". Clues to such warning headaches are their acute 'out-of-theblue' onset, associated with their severity and persistence. Difficulty arises in either those patients with long standing headaches, or those in whom the acuteness and severity of the headache is not appreciated by the doctor, particularly when the examination takes place several hours after the symptoms have settled and no objective signs are found. Subtle deficits in insight and judgement from minor frontal haemorrhage may be missed on examination or result in an unreliable history. It is of interest that only four of the 23 patients with warning symptoms sought early medical advice.
There are thought to be several methods by which an aneurysm may cause headache", Large intracranial vessels derive sensory innervation from the fifth, ninth and tenth cranial nerves as well as upper cervical spinal nerves, and mechanical stimulation by an aneurysm may therefore cause referred facial or head pain. Infratentorial pain fibres may also be stimulated causing reflex occipital muscle spasm. Minor haemorrhage from a cerebral aneurysm may cause meningism as well as nausea, lethargy and vomiting, symptoms which also occur in migraine.
Focal infarction is well recognized following major subarachnoid haemorrhage. Minor haemorrhage may induce temporary vascular spasm resulting in transient focal neurological signs (identical to a transient thromboembolic event) that may last less than 30 min10. Such signs may occur in the absence of any history to suggest a haemorrhage, and include transient dysarthria and focal sensory-motor signs. In case 3 there were signs that were compatible with post-haemorrhagic vascular spasm, but a diagnosis of subarachnoid haemorrhage was not considered early in the patient's management because headache was a minor feature and the CT head scan was interpreted as showing thromboembolic infarction ( Figure 1) . As discussed below CT head scans can give misleading information.
Cranial nerve palsies are well recognized as warning features of an intracranial aneurysm. In particular a painful third nerve palsy occurs with an aneurysm of the junction of the internal carotid and posterior communicating artery". In case 4 this did not alert the clinician to the underlying diagnosis for some days.
Other less specific warning symptoms occur, but few of them are diagnostic. Progressive confusion is a rare early presentation of an aneurysm which may occur in the elderly". The mechanism is thought to be diffuse cerebral ischaemia due to vasospasm following minor haemorrhage (case 5). Seizures can also be caused by an intracranial aneurysm.
Investigation of patients with a suspected subarachnoid haemorrhage poses some difficult management problems. Lumbar puncture is potentially dangerous!', A CT head scan will show subarachnoid blood in the majority of cases, but the timing is important. The scan abnormalities often are transient with a normal scan becoming likely at a week 12 • Thus as time elapses a scan may show only secondary complications such as infarction or hydrocephalus, and without evidence of subarachnoid blood the primary diagnosis may easily be overlooked. In addition only a large cerebral aneurysm (> 1.5 em) will itself be visible on the scan even following contrast. Thus a CT head scan should be performed early if the test is available, and if negative then a lumbar puncture considered.
The review of75 cases in Waltham Forest District confirms the high mortality from subarachnoid haemorrhage, even for those 'Early Survivors' that are admitted to hospital. The prevalence and range of pre-monitory symptoms in this series is similar to previous studies? and demonstrates how common they are. Of the 'Early Deaths', only 19% were reported to have had a warning. Of the 'Early Survivors' admitted to hospital, 45% had some premonitory symptom. The mortality rate was the same in the 'Early Survivors' who had or did not have warning symptoms (Table 1 ). In both the 'Early Death' and 'Early Survivor' groups the warning symptoms were often ignored by the patient and sometimes by the doctor: these symptoms often remitted.
Whilst we are well aware of the difficulties in the diagnosis of an acute headache, we feel that general practitioners, hospital physicians and A & E officers need to be more aware of the presentation of subarachnoid haemorrhage. The commonest error was mistaking a sudden headache for migraine and dismissing it because 'the patient was not ill enough', sometimes with fatal consequences.
